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Highlights
• A 1-D analytical model is presented to examine dusk/dawn asymmetries in tidally-locked satellites.
• The atmospheric shift towards dusk for a thermally-dependent source depends on the ratio between the rotation rate and the atmospheric loss rate.
• A simple thermally-dependent O 2 source is identified at Europa and possibly Ganymede.
• At Europa, the thermally-dependent O 2 source implies a large O 2 reservoir embedded in the porous ice.
• If this large O 2 reservoir exists it could be oxidizing the subsurface ocean as suggested by previous works.
INTRODUCTION 6
The near-surface, far-ultraviolet oxygen aurorae, observed φ s = π/2. Blue vectors represent the rotating, satellite frame where φ is the satellite longitude whose origin is the subplanetary point. We define the origin of the satellite system (blue circle) as φ 0 = φ + π to effectively compare to observations such that the subobserver longitude is synchronized with the planetary longitude at midnight during satellite eclipse. In a time ∆t, the satellite will have rotated a ∆φ ob s = Ω∆t.
surface O 2 atmosphere is capable of directly responding to the 52 stellar insolation.
53
As the auroral process is complex, involving the produc- terval t, the satellite rotates about its axis such that φ or b = Ωt.
94
The translation between the inertial and non-inertial reference ance between an atmospheric source and loss rate, the orbital 114 evolution is determined from
As the parameter space is large, we assume that the vari- face. In this case, the solution to Eq.1 is
where N (φ) 0 is the initial column density of the gas at time, We first consider a source solely dependent on the stellar insolation. As an example, we construct a simple sublimationlike source that only depends on φ s and peaks at noon 
Writing β = Ω/ν and α = φ − π, then N r ot (φ s ,t) = (1 + 147
148
As t → ∞, the spatial distribution of the steady-state column 149 density is seen to depend solely on the stellar insolation angle
The ratio R T , the dusk-over-dawn column densities evalu-152 ated at the terminators, is
corresponding to the dashed blue curve shown in Figure 2 .
154
Because Φ 0 cancels, it is seen that for such a source with wards the dusk terminator would be somewhat larger.
162
The dusk/dawn ratio averaged over the the half- 
Again assuming a nearly constant loss rate, Eqn. 2 yields, not 185 surprisingly, an expression with no rotational term
Therefore, rather than an enhancement at dusk over the full 187 orbit, the dusk-over-dawn ratio oscillates with an orbit aver-
188
age R of about one. . R T and R T are the latitudinally averaged dusk-overdawn ratios for a satellite with a radiation-driven source estimated using Eqn. 6 (evaluated at the terminator) and Eqn. 7
189
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(hemispherically-averaged) respectively.
Solar Radiation & Magnetosphere-Driven Source
190
Laboratory data indicate that the plasma-induced source of 
197
(2017)). Here we roughly represent such a source by:
This results in a steady-state column
Based on the above expression, the rotation shifts the maxi- The ratio of the averaged column densities, < R >, results
207
in a more complex expression and is given in Table 2 terms have been used, here we compare the predicted ratios.
215
We start by considering Europa for which its near-surface the excitation rates could further improve these comparisons.
252
What is striking about the comparison in Fig. 3 of agreement might be due to the assumptions about the na-
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